The association of environmental cues with drugs of abuse results in persistent drug-cue memories. These memories contribute significantly to relapse among addicts. While conditioned place preference (CPP) is a well-established paradigm frequently used to examine the modulation of drug-cue memories, very few studies have used the non-preference-based model conditioned activity (CA) for this purpose. Here, we used both experimental approaches to investigate the neural substrates of cocaine-cue memories. First, we directly compared, in a consistent setting, the involvement of cortical and subcortical brain regions in cocaine-cue memory retrieval by quantifying activity-regulated cytoskeletal-associated (Arc) protein expression in both the CPP and CA models. Second, because NMDA receptor activation is required for Arc expression, we investigated the NMDA receptor dependency of memory persistence using the CA model. In both the CPP and CA models, drug-paired animals showed significant increases in Arc immunoreactivity in regions of the frontal cortex and amygdala compared to unpaired controls. Additionally, administration of a NMDA receptor antagonist (MK-801 or memantine) immediately after cocaine-CA memory reactivation impaired the subsequent conditioned locomotion associated with the cocainepaired environment. The enhanced Arc expression evident in a subset of corticolimbic regions after retrieval of a cocaine-context memory, observed in both the CPP and CA paradigms, likely signifies that these regions: (i) are activated during retrieval of these memories irrespective of preference-based decisions, and (ii) undergo neuroplasticity in order to update information about cues previously associated with cocaine. This study also establishes the involvement of NMDA receptors in maintaining memories established using the CA model, a characteristic previously demonstrated using CPP. Overall, these results demonstrate the utility of the CA model for studies of cocaine-context memory and suggest the involvement of an NMDA receptor-dependent Arc induction pathway in drug-cue memory interference.
Introduction
Discrete stimuli or contexts previously associated with the rewarding properties of drugs are a major cause of relapse among addicts. When repeatedly paired with drug intake, initially neutral stimuli acquire incentive motivational value and encounters with these drug-associated cues induce intense physiological cravings in addicts (Childress, Ehrman, McLellan, & O'Brien, 1988) . These conditioned responses to drug-paired cues are a major cause of relapse. Indeed, degree of craving measured during treatment for drug dependence is predictive of drug use resumption (Hartz, Frederick-Osborne, & Galloway, 2001 ). Because drug-paired cues evoke memories that influence drug-seeking and relapse, a better understanding of the neurobiological basis for this phenomenon will aid in the development of novel, biologically-based therapies for drug addicts.
To date, drug-cue memory interference studies have relied on measures of drug-seeking, such as instrumental responding for drug access (self-administration) or choosing a previously drug-paired environment [conditioned place preference (CPP)]. The study of drug-cue memories could be expanded to include behavioral
